Two VHF atmospheric radars operating in Antarctica during austral summer 2007/2008 found the Polar Mesosphere Summer Echo (PMSE) layer at 3-5 km higher altitude during the early season, compared to the late season, and to earlier seasons.
to correspond well to the height range of water vapour saturation from just above to just below the summer polar mesopause [Morris et al., 2007] , while NLC generally lie below the mesopause, in the lower part of the PMSE layer [von Zahn and Bremer, 1999] . The heights of NLC and PMSE have also been reported to vary little from time to time and over the globe. For example, the centroid heights for NLC lie at 83 km at Andenes (69°N, Fiedler et al. [2005] ), between 83 and 85 km at Spitzbergen (78° N, Lübken et al., [2008] ), between 83 and 85 km at Rothera (68°S) and between 84 and 87 km at South Pole [Chu et al., 2003 [Chu et al., , 2006 . The height of maximum PMSE occurrence so far reported for the northern hemisphere (NH) lies at 85 km at Kiruna, Andenes and Svalbard (68°N , 69°N, 78°N, Kirkwood et al., [2007] , Hoffmann et al, [1999] , Lübken et al., [2004] , respectively) at 86 km at Davis and at Wasa (69°S, 73°S, Morris et al., [2007] , Kirkwood et al., [2007] ) and at 85 km at Halley (76°S, Jarvis et al., [2005] ). Reports so far of PMSE and NLC heights show changes of ~1-2 km over the season (which lasts from about 1 month before mid-summer to 2 months after mid-summer), most often with an overall downward trend from early to late season [Chu et al., 2003 , Morris et al., 2007 , Lübken et al., 2008 .
In the austral summer 2007/2008, two VHF radars were operating in Antarctica to observe PMSE. In December, the whole PMSE layer was found to lie up to 5 km higher than usual, with a rapid downward migration to usual heights in early January.
Here we present those observations, and discuss their interpretation. (55 MHz, 69°S, 78°E) , and the MARA radar at Wasa/Aboa (54.5 MHz, 73°S, 13°W). Detailed descriptions of the two radars can be found in Morris et al., [2004] and Kirkwood et al., [2007] . The MLS measurements are described in Schwartz et al., [2008] . We have used MLS v.2.2 results with 1.8 km added to the MLS estimate of geopotential height (GPH) to account for suspected bias in the MLS value (0.45 km, Schwartz et al., [2008] ) and the difference between geopotential and geometric height (1.35 km), since the radars measure geometric height. Downward trends over the season are clear in all panels. The lower edge of the PMSE layer follows the 160 K contour through almost the whole season, the centre lies 2-3 km below the temperature minimum. Note that the FWHM of the MLS averaging kernels at mesopause heights is 14-16 km so that more detailed comparison with PMSE heights (resolution 150 m) is not meaningful. 
Observations

Discussion
Temperatures at the summer mesopause are generally considered to be driven far below radiatively determined values by dynamic effects. Predominantly eastward propagating GWs break in the upper stratosphere and mesosphere, depositing eastward momentum and causing deceleration of the westward zonal wind. The vertical gradient in the zonal wind must be balanced by a poleward decrease of temperature, hence the polar summer mesopause is driven towards low temperatures.
In the zonal mean equilibrium case, balancing residual flows also arise, from the summer to the winter hemispheres at mesopause heights, and upward (downward) flows below in the summer (winter) polar region (e.g. Andrews et al., [1987] , ch.7).
GWs with predominantly eastward momentum will reach the mesosphere only if westward winds are stronger than eastward winds at heights below the mesosphere, so that westward-travelling GWs are preferentially filtered out. In the NH, the seasonal change, from eastward stratospheric winds in winter, to the westward stratospheric winds of summer, occurs long before the start of the PMSE/NLC season (see Figure   2 , lower panel, and Kirkwood et al., [2008] ), and affects all stratospheric heights more or less simultaneously. In this situation the preferential filtering of westward travelling GWs will be sure to happen. In the southern hemisphere (SH), the change from winter to summer wind direction in the mesosphere also occurs well before the NLC/PMSE season [Dowdy et al., 2007] , but in the stratosphere it occurs much later, in general several weeks after the start of the PMSE/NLC season (Figure 2 , lower panel). At the time when SH PMSE start to be observed (typically late November), westward winds in the upper stratosphere/lower mesosphere are no stronger than the eastward winds still blowing in the lower stratosphere. So filtering of eastward and westward travelling GWs reaching the upper mesosphere will be rather symmetrical, and no net eastward momentum flux can be expected. Reduced GW forcing alone might be expected to lead to a warmer summer mesopause, but the observations ( (Fig 2, upper panel) . So although the late change to summer circulation in the stratosphere might be part of the explanation, something To estimate the state of the residual (meridional) circulation at mesopause heights in the NH we use winds measured by the meteor radar in Kiruna, Sweden (69°N, 20°E) [Mitchell et al., 2002] vortex over Antarctica did not break up until late December, so that eastward winds in the lower stratosphere were as strong as the westward winds in the upper stratosphere during the early part of the PMSE season. This means that the usual explanation of the formation of the cold summer mesopause by breaking GWs, filtered by predominantly westward winds in the stratosphere cannot apply. We consider instead the possible role of inter-hemispherical coupling from NH residual circulation (as proposed by Becker and Fritts [2006] ). We find evidence for lower than average levels of planetary wave activity and a stronger meridional jet in the NH between 92 and 99 km in early December 2007. This supports the possibility of forcing at mesopause heights from the winter hemisphere at higher altitudes than usual.
We find that the year-to-year and seasonal variations of PMSE height are much greater in the SH than in the NH. The observations indicate that middle-atmosphere conditions in both the same hemisphere and in the opposite hemisphere may contribute to this.
The concept of only two mesopause levels worldwide, determined respectively by radiative/chemical processes and by GW propagation from below [Berger and von Zahn, 1999] , needs to be revised. For SH summer, models must be developed to show also a third, intermediate and variable level, which is not seen every year. Our observations support the possibility that the SH early summer mesopause forms through forcing from the winter hemisphere, at times when the GW forcing from below is ineffective.
We further note that existing models using only parameterized GW forcing (LIMA, Lübken and Berger, [2007] ), fail to correctly reproduce the start date of the PMSE/NLC season. PMSE (and NLC) are systematically observed at much earlier dates (1-3 weeks) than predicted by the model, in both hemispheres. It seems that the interhemispheric coupling mechanism proposed by Becker and Fritts [2006] , may offer a solution to both problems. 
